4.0 Photochemical Air Quality Model Inputs

4.1 Introduction

Photochemical air quality models require inputs specifying emissions, geography,
meteorology, initial air quality and boundary conditions. The quality of model predictions
depend on accurately describing the inputs. This chapter reviews the selection and
treatment of meteorological variables, air quality parameters and emission inventories.

Before using the air quality models to establish source-air quality relationships, the
performance of the model should be evaluated. This includes choosing an historical ozone
episode and checking to see that the model can accurately reproduce the observed pollutant
concentrations. This is an indication that the model is correctly describing the important
processes affecting the evolution of the pollutants in the atmosphere. A part of the
evaluation is collecting and processing the meteorological variables, air quality
measurements, and emissions data corresponding to the evaluation period. It is beneficial
to have as much evaluation data as possible.

It is necessary to look at many possible fuel utilization scenarios for several
reasons. First, the modeling periods, the years 2000 and 2010, are 12 and 22 years in the
future. Technology advances, or lack thereof, may either enable source emissions to be
lower than currently projected, or may not allow levels to reach current projections. This
applies to both methanol fueled and conventionally fueled sources. Second, since methanol
fueled vehicles have not been built on a commercial scale there is an amount of uncertainty
regarding the attainable emission levels of exhaust products, especially formaldehyde.
Third, it is easier to convert some sources to methanol fuel than others, and future policies
have to take ease of conversion into account.

A majority of the air quality simulations and methanol utilization calculations,
including all of the trajectory modeling and many of the airshed simulations, were based on
the year 2000 inventory. For this reason, and that the 2010 inventory has the same general
structure (though a different spatial and temporal pattern of emissions), the year 2000
inventory will be described in detail, and the 2010 inventory will be summarized.
Procedures for manipulating the two base inventories to represent future methanol
utilization scenarios are identical, so they will be described for the general case, with details
for individual calculations following. Using the same procedures assures reproducibility
and consistency between calculations.

This chapter also reviews the technique by which the base case emissions
inventories were perturbed to create alternate emissions inventories. Previous studies have
been subjected to criticism because they looked at gross changes in the emissions, not on a
source by source basis. In this study, emissions from each source are treated in a detailed
fashion. Because the emissions inventories are large, a standard methodology for creating
alternate inventories is necessary to insure consxstency It is also important to specify the
methodology so that the assumptions used in creating the databases are presented clearly.
This enables future studies to consider how changes in assumptions will change emissions
predictions. The methodology is reviewed in this chapter, along with some example
calculations.
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4.2 Selection of the Modeling Period

A primary objective of this study is to quantify how photochemical air pollutant
concentrations will respond to increased utilization of methanol fuel. In particular, the
response of high ozone concentrations is examined. Episodes leading to high ozone levels
are usually multiday events, characterized by high temperatures, low inversion, and limited
advection of pollutants out of the SOCAB. Such an episode occurred from August 30 to
September 1, 1982, and has been chosen to serve as the basis for the current study.

This three day period was chosen because several factors make it 1deal for modeling
the impact of control strategies on ozone and other photochemical pollutants:

1. The meteorological conditions present during the three day period, high
temperatures, sunlight, and relatively stagnant air, are conducive to forming high
ozone concentrations. By the third day of the 1982 episode, ozone concentrations
built up to second stage alert (0.35 ppm) levels at two measurement sites in the
SoCAB.

2. The atmosphere prior to the start of the ozone episode was relatively unpolluted.
This, and the use of a three day modeling period make predicted ozone
concentrations on the third day relatively independent of initial conditions
throughout most of the basin.

3. Extensive pollutant measurements were made over the first and second day of the
three day period. In addition to pollutants like ozone and NOy,which are routnely
measured, trace pollutants like peroxyacetyl nitrate (PAN), nitric acid, aerosol
nitrate and ammonia were also measured. This gives a large database of
information which can be used to test whether the model can represent actual
atmospheric processes.

4. During this time period, winds were primarily westerly from over the Pacific Ocean.
Pollutant concentrations over the ocean are generally low, and if the boundary 1s
taken far enough out, the concentrations are independent of emissions within the
basin. This decreases the effect of boundary specification on model predictions,
and decreases the uncertainty in the model predictions.

In a previous study, this modeling period was used to study the formation and control of
aerosol nitrate and nitric acid (Russell, et al. 1988ab). Comparison between model
predictions and observations was quite good for not only ozone, but also the trace nitrogen
containing species measured as part of the special program. Meteorological and air quality
inputs are derived from the measurements taken during this three day period.

4.3 Modeling Region

Figure 4.1 shows the modeling regions used in this study, and the underlying 80 x
30 grid system used to develop inputs into the model. Meteorological, topographical and
emission inputs were developed over the 400 km x 150 km system of 5 km x 5 km grids.
In the vertical direction, the model region extends up to 1500 m. Two modeling regions
were used, one for the year 2000 calculations and the evaluation against the measurements
in 1982. The region was enlarged for the 2010 simulations because of the increased
emissions in the eastern SOCAB.

4.3
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4.4 Meteorological Fields and Air Quality Data

Meteorological fields required for model evaluation were obtained as prescribed n
Russell, et al. (1988). The data from that earlier, two day, study was supplemented with
information obtained from the same sources for the third day added as part of the current
project. Likewise, air quality data used to determine initial and boundary conditions were
collected to extend the fields calculated for the previous two day period to include the third
day used here. Organic gas boundary conditions over the Pacific Ocean were derived from
Killus (1984) and Blumenthal (1984). More detailed discussion about the techniques used
to develop the model inputs can be found in Russell, et al. (1988) and Goodin, et al.
(1979).

4.5 Selection of Future Modeling Years

Two future years were chosen for studying the air quality impact of converting
sources to methanol. The year 2000 was selected as the first modeling period because it is
felt that this is the earliest date by which methanol fueled vehicles would make up a
significant portion of the total vehicle fleet within the basin. Less than 10% of the vehicle
fleet is replaced in a typical year, so if one were to convert to an MFV fleet by requiring all
new vehicles to be methanol fueled, a date twelve years in the future would be about the
earliest time at which MFVs constituted a significant portion of the fleet. The year 2010
was selected because a significant shift in the emissions contributions of various source
groups between 2000 and 2010 result in a redistribution of emissions. Also the spatial
distribution of sources is expected to shift emissions towards the east. The South Coast
Air Quality Management District and the Southern California Association of Governments
(SCAQMD and SCAG,1988) are using 2010 for the Air Quality Management Plan
(AQMP).

4.6 Base Emission Inventories

Emission inventories for the SOCAB and surrounding areas in the modeling region,
corresponding to three different years, 1982, 2000 and 2010, were used in the course of
this study (Ranzierri, 1982; Avlani, 1986; Mahoney, 1988). The 1982 inventory was used
in the model performance evaluation (See Chapter 6), and is described in detail elsewhere

(Russell, et al., 1988). A summary of those emissions is shown in Table 4.1.1

A forecast emissions inventory for summer conditions in the year 2000 was
provided by CARB (Avlani, 1986). The structure of the inventory includes the temporal
and spatial emissions of total organic gases (TOG), nitrogen oxides (NOy), carbon
monoxide (CO), particulate matter (PM), and sulfur oxides (SOy) by source class category
(SCC). Separate files are used to speciate the total organic gas emissions into emissions
by individual compound (e.g. methane, ethane, propane, toluene, etc...) and NOy is split
into NO and NO,, according to the source category. After speciation, the emitted organic

1 CARB's revised estimate indicates that the forecast NOx emissions used in this study may be slightly
underestimated (K. Wagner, personal communication, 1989). Comparison to the AQMP projections
(SCAQMD, 1988) for the years 2000 and 2010 indicate that the NOx emissions may be 13% to 18% low.
Higher NOx emissions would increase the benefits of methanol use. Also, recent tests indicate that
evaporative emissions from on-road vehicles may be significantly greater than is accounted for in the current
ROG estimates and the EMFAC motor vehicle emission factor procedures. The magnitude of the excess
emissions is not yet known. If they are found to be significant, it would increase the relative benefits of
conversion to methanol.
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compounds are lumped into the classes used by the chemical mechanism, extended to
include methanol chemistry (Falls, et al., 1979; McRae, et al., 1982; Russell, 1985).

The structure and the detail of the base inventory is necessary for control strategy
studies looking at changing the composition of the ROG emissions. Methanol utilization in
mobile sources has an impact ‘on air quality more because it changes the reactivity and
chemistry of the organic gases emitted than it changes the mass emission rate of TOGs.
Thus, having the detailed chemical structure is necessary. Secondly, converting to
methanol will be used to control specific sources, which are neither spatially uniform nor
have the same general composition of the aggregate inventory. By using the SCC
classification, emissions can be altered in a source specific fashion, as discussed below.
From this, source impact relationships can be developed, and the effectiveness of controls
can be tested.

The forecast emissions inventory for the year 2000, within the modeling region, is

summarized in Table 4.21. This includes emissions in the SOCAB and adjoining inventory
regions, such as part of the South Central Coast region. The total organic gas emissions
rate, which includes methane and methanol, was 1855 metric tons day-!. Because
methane is generally non-reactive over the residence time of emittants in the basin, it is
often subtracted from the total.  Also, methanol is significantly less reactive than other
organics, and for other studies has often not been included for modeling purposes. In this
study, methanol is treated separately from the more reactive organics. The total non-
methane, non-methanol organic gas (NMOG) emissions are also tabulated. The large
difference between TOG and NMOG is due, in part, to methane emissions from waste
disposal operation. Total forecast NMOG emissions in the region are 1130 metric tons
day-1, or 67% of the TOG. NOy emissions, roughly split 5% NO;, 95% NO, total 744

metric tons day-! and CO was emitted at 3915 metric tons day-!.

Concern has arisen over to what degree utilizing methanol will impact ambient
HCHO concentrations. In part, this will depend on the current, direct HCHO vehicle
emission rate compared to the future if methanol is employed. In the base 2000 inventory,

all sources combined emit 19216 kgs HCHO day-l, of which 4727 kgs day-! are due to
on-road motor vehicles. The forecast emission rate of methanol (without significant
utilization of methanol) is only 13,000 kgs/day.

An interesting aspect of the 2000 inventory is that on-road mobile sources comprise
a relatively small fraction of the forecast NMOG emissions - 28% (the modified base
inventory, described later, has only 23%). This is important because methanol utilization
in motor vehicles is perceived to be an organic gas control (reducing the reactivity, not
emission rate), as opposed to a NOy control (though NOy from diesel cycle vehicles is
expected to be reduced significantly if methanol is used.) Thus, the impact of switching to
methanol is limited by the relatively small fraction of the ROG being from automobiles. If
control programs are not as effective as now forecast, a larger fraction of the ROG
emissions will be due to mobile sources. In this case, the effect of switching to methanol
will be greater than is predicted in this study.
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Summary of 1982 Emissions

Table 4.1

(1000's kg day')

TOG NOy CO
Mobile Sources 652 763 5353
Stationary Sources 1763 357 498
Total 2415 1120 5851
Table 4.2
Summary of Year 2000 Emissions
(1000's kg day')
TOG NOy CO NMOG?
Mobile Sources 338 394 2929 323
Stationary Sources 1517 350 986 812
Total 1855 744 3915 1135
1 NMOG stands for non-methane, non-methanol organic gases
Table 4.3
Summary of Year 2010 Emissions
(1000's kg day')
TOG NOy CO NMOG!1
Mobile Sources 405 430 4274 389
Stationary Sources 1607 436 1836 1107
Total 2012 866 6110 1496

1 NMOG stands for non-methane, non-methanol organic gases
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General basin wide activity is expected to increase substantially from 2000 to
2010, but emissions from individual sources (e. g. a single automobile) will generally
decrease due to further control (Table 4.31). This results in a shift in source emissions
contribution between these dates. For example, in 2000, on-road vehicles emit 28% of
basin wide ROG, while in 2010 this decreases to 25% of the total. On-road NO,
emissions increase slightly, from 46% to 50% of total NO4 emissions. These emission
inventories are based on current projections of basin wide activity for these later dates, and
provide a base from which emissions in other scenarios are derived.

4.7 Creation of Alternate Emissions Databases

Three steps were followed to generate the emission inputs for control strategy
testing. First, the base inventories were divided into individual categories according to the
SCC number and the applicability of potential controls. Those sources that would not be
altered under any of the control scenarios were left intact. Next the sources were altered to
reflect the presumed effect of the control techniques being examined (e.g. the use of very

clean conventionally fueled vehicles, M100, or M852 , vehicles or stationary source
control). Lastly, the altered emissions were re-assembled into the inventory as used for the
particular simulations. The control techniques used in each simulation are specified in the
following two chapters. The same inventory is used all three days of a simulation.

4.7.1 Inventory De-aggregation and Construction

The inventories, as supplied by CARB (year 2000) and SCAQMD (year 2010),
identifies the location and source type of emissions. Using the source codes, the inventory
is split into lower level databases corresponding to specific source types. The process is
outlined in Figure 4.2. The sub-databases used in this study are on-road mobile sources,
off-road mobile sources, petroleum refining operations, utility boilers and power plants,
petroleum retail marketing, stationary internal combustion engines, and other sources. In a
specific scenario, any of these source types can have their emissions modified. One then
has a new set of modified databases for the source types. These are resumed to get a new
basin wide emissions database which applies to a specific scenario. The original basin
wide databases are as supplied by CARB and SCAQMD, and the source type databases
come directly from this main database without modification. The database for other
sources represents all the source types which are not altered in this study, and are grouped
together for convenience. Each source group is revised in a different way, so the specific
techniques for changing source emissions are presented below.

2 M100 and M85 refer to the type of methanol fuel used. M100, also referred to as neat or nearly-neat
methanol fuel, is a blend consisting of methanol with some added agents to help cold startability,
luminosity or improve other fuel characteristics. M85 is a blend of 85% methanol and 15% other organics,
such as gasoline, by volume. The added organics help cold start and luminosity. Neither fuel has a standard
composition, and in the case of M100, study is required to develop the engine technology to readily use the
fuel in standard applications. The uncertainty in fuel compositions, and that its composition may change as
methanol-buming engine technology advances, leads to uncertainties as to what the composition of the
emissions from methanol vehicles will be in the future. For example, European methanol fuel has a
different composition than American M85 fuel. Hence, both evaporative and exhaust emissions will be
different.
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Database of basinwide emissions
for all times and locations -
adjusted for specific scenario

as input into model

Figure 4.2 Methodology used to disaggregate, manipulate and recompile
the emissions inventory for use in photochemical modeling.




4.7.2 On-Road Mobile Sources Database

The majority of methanol conversion scenarios consider changes in motor vehicle
emissions. Because of this a detailed methodology for calculating motor vehicle emissions
is used. This study uses the methodology and emission factors specified as part of
EMFACT7C (California Air Resources Board, 1986a), for the year 2000, and in EMFAC7D
(California Air Resources Board, 1988a) for the year 2010. EMFAC7 methodologies and
the output of BURDEN are used to determine running and evaporative emissions within the
modeling region (California Air Resources Board; 1986b, 1988b). Spatial and temporal
emission patterns are derived from the output of the Direct Traffic Impact Model (DTIM).
A detailed description of the calculations follows.

First, the on-road mobile sources are split into five categories: light duty
automobiles (LDA), light duty trucks (LDT), medium duty trucks (MDT), heavy duty
trucks (HDT) and motorcycles (MCY). These five categories are then further split into
groups according to fuel types: gasoline fueled, catalyst equipped (CAT); gasoline fueled,
non-catalyst equipped (NCAT); diesel fueled (DSL); and methanol fueled, catalyst
equipped (METH). All categories have all groups except MCY which only has NCAT, and
MDT which does not have DSL. Thus, there are a total of 16 on-road, mobile source
categories.

The categories and sources are then broken down by year. In the 2000 scenarios
there are a total of 26 vehicle model years (vehicles from 1976 to 2001) and in the 2010
scenarios there are a total of 25 model years (2010 to 1986) considered. Classification by
category, group, and year is the most detailed breakdown used in this study, and will be
called a unit, for clarity. The EMFAC7C and EMFACTD specify the emission factors for
TOG, CO, and NOy for the CAT, NCAT, and DSL units. Included in the data base are
new car emission factors, deterioration rates, speed correction factors and temperature
correction factors. CARB has updated- these tables and also determined emissions tables
for METH units, which have emissions of TOG (when M85 fuel is used), CH40, HCHO,
NOy, and CO. These Tables are presented in Appendices 4.A, 4.A1, 4.B, 4.C, 4.D, and
4 E (Drachand, 1988).

In simulations involving M85 fuel, approximately half of the ROG emitted is
estimated to be methanol and the other half is estimated to be organic gases similar in
composition to gasoline fueled vehicles. Very little data is available for speciating the
species composition of the organic emitted, or for the relative emission rates of the
vehicles. Less is known about the emissions from M100 vehicles, and there is
considerable uncertainty in the emissions from future vehicles. An issue is how much of
the measured non-methanol organic emissions in the exhaust of MFVs is from the fuel oil,
and how reactive are those compounds. It is very possible that the non-methanol, non-
formaldehyde ROG emitted from M85 fueled MFVs is less reactive than the assumed mix
corresponding to typical gasoline fueled vehicles. Conversely, the emissions from M100
fueled vehicles may be more reactive than the almost pure methanol vapor assumed here.
These two calculations are meant to bracket the likely range. The paucity of data in this
area is a major contributor to the uncertainties in the conclusions of this study. The current
measurement programs will add greatly to determining the running and evaporative
emissions from MFVs, and the ability to forecast the air quality impact of switching to
methanol.

Running emissions for each category (e.g. LDA) are determined by completing the
operations specified in the EMFAC reports. Vehicle emissions are determined by vehicle

category, group, age, and accumulated mileage, then adjusted for differences between the

Federal Test Procedure (FTP) test and forecast traffic operation. In particular, speed and
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bag corrections are used to adjust the emissions factors to account for vehicle operation
specific to the SOCAB in the years 2000 and 2010. Data used in these calculations come
from the Tables of Appendices 4.A-E, and the two EMFAC reports (CARB 19864,
1988a). Evaporative emissions are calculated using the spatial distribution of the hot soak
and diurnal emissions from the base case inventories and the EMFAC reports. The mass
emission rates are corrected for vapor pressure differences as described below in section
4.7.6. In the specified scenarios, for both the year 2000 and the year 2010, MFVs are

introduced starting in 19903  (see appendix 4.C). Simulations involving advanced
technology* MFVs have no light or medium duty CFVs.

Total emissions for all on-road mobile sources are obtained by combining the
emissions from each category. This is done by weighting the emissions of each category,
exhaust and evaporative, by the fraction of total on-road mobile source mileage driven by
that category. These weighted emissions are then summed to calculate final mass emissions
of TOG, NO,, CH40 and HCHO for each scenario. The final species emissions for all on-
road sources is then converted into a percentage reduction from the baseline. Methanol and

HCHO are distributed using the same pattern as TOG emissions from the appropriate

vehicle type. Air quality models use a mole basis for emissions, so the mass emissions are
converted to moles. Reduction of NOy and CO emissions are the same on a mass basis as
they are on a mole basis, though the organics in the TOG have differing molecular weights.
All the various species which make up TOG are each reduced by the percentage that TOG
was reduced, and then the mole emissions are calculated. When MFV usage is being
simulated, HCHO emissions are affected by two processes. First HCHO emissions are
reduced in the database by any reduction of TOG from CFVs, because HCHO is one of the
species that makes up TOG. Second HCHO emissions are increased in the database
because MFVs emit HCHO. Thus mole emissions of HCHO are determined by the
addition of these two factors.

This methodology assumes a specific control will affect all vehicles in a certain
class uniformly throughout the basin. Thus, if MFVs make up 50% of the light duty
vehicle fleet, they make up 50% independent of geographical location. At present, the data
bases do not allow for any greater dissection to account for spatial difference in the
penetration of MFVs into the vehicle fleet. :

As an example of how the emissions were treated for specific calculations, in one
simulation the effect of varying the deterioration rate of the motor vehicle fleet was tested.
CARB (1986a) specified that the assumed deterioration rate of exhaust organics from a

3 Significant penetration of MFVs into the vehicle fleet is not possible by 1990. This start date was
chosen to simulate the probable air quality impacts after a ten and twenty year period of full MFV
penetration. Use of a later starting date would not allow the use of the year 2000 and 2010 inventories that
were constructed and checked for modeling purposes. Extrapolating inventories further into the future would
add uncertainty. .

4 Advanced technology refers to simulations where the motor vehicle fleet uniformly meets the regulations
set for year 2000 vehicles. This does not mean that the vehicles are assumed to involve a technology
beyond that for the standard cases. Advanced technology vehicles are assumed to meet the year 2000
standards, so that emissions from the older, dirtier vehicles do not overwhelm the emissions from the newer
vehicles. It was found that the inherently dirtier, pre-1990 vehicles (which were all conventionally fueled)
emitted a disproportionately large amount of the emissions in the simulations of fleet conversion starting in
1990. This decreased the apparent effectiveness of converting to methanol fuel. The advanced technology
simulations can be used to view the effect if all of the vehicles met the emission regulations for the year
modeled, i.e. the year 2000 or 2010, that is the long term impact of conversion. The cases involving roll
in of MFVs or CFVs at correspondingly more stringent emission levels shows the impact in the shorter
term.

56



1990 LDA was 0.091 (g mi-1)/10,000 mi, on top of new car emissions of 0.26 g mi-l.
Thus, the 50,000 mile emission rate is 0.72 g mi-l. If the deterioration rate is doubled, the
emission factor at 50,000 miles is 1.17 g mi-1, which is not double the base rate because
the new car emission rate is not changed. When the varying deterioration rates between
years and vehicle models, and the different vehicle mileage fractions are considered, the
relationship between emission factor and deterioration rate is seen to be non-proportional.
As a second example, to calculate the emissions from a 1990 M85 vehicle, Appendix 4.E is
used to find that the in-use (50,000 mi) emission rate of methanol is 0.295 g mi-! (on a
carbon basis, or 0.68 g mi-! methanol), and 0.295 g mi-! NMOG. However, in 2000, the
average 1990 vehicle has 90,000 miles on it, with a deterioration rate of 0.041 g mi-'.
Thus the emissions from a 1990 vehicle, in the year 2000, are:

0.295 g mi! + (90,000 mi - 50,000) x (0.041 g mi~! per 10,000 mi) = 0.459 g mi"! CH40
on a carbon basis (or 1.059 g mi-! methanol), and

0.295 g mi*! + (90,000 mi - 50,000) x (0.041 g mi-1 per 10,000 mi) = 0.459 g mi-! NMOG

A similar calculation is done for each model year, and the emissions from each year are
summed up to get the total on-road vehicle emissions for each species.

4.7.3 Altering Off-Road Mobile Source Databases

Because vehicle emissions information for off-road mobile sources has not been
compiled using the same detail with which it has for on-road mobile sources, a less data
intensive technique for modifying the off-road emissions database is used. First, all the
source types that are potentially convertible to methanol fuel are identified. These include
farm equipment, construction equipment, agricultural equipment, off-road recreational
vehicles (excluding motorcycles), utility vehicles, and locomotives. Within these
categories, diesel fueled and gasoline fueled vehicles are separated. Scenarios affecting
off-road vehicles consider total conversion of appropriate vehicles from conventional to
methanol fuel. CO emissions were kept the same for either vehicle type. NO, emissions
remain the same for gas-fueled vehicles and are reduced 50% when the vehicle was diesel-
fueled before conversion. TOG emissions are replaced on an equivalent carbon mass basis
by methanol and formaldehyde emissions. The MFV exhaust composition from off-road
vehicles is assumed to be 96% methanol and 4% formaldehyde.

4.7.4 Altering Petroleum Refinery Databases

Scenarios in this study consider either currently projected refinery operation, or no
operation at all. In the first case, refinery emissions are unchanged. In the second case
they are removed, as are emissions from wholesale petroleum distribution, for example,
from tanker operations. A few-calculations in the year 2000 looked at removing refinery
emissions if 100% of the vehicle fleet was converted to methanol. Year 2010 simulations
did not alter refinery emissions.
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4.7.5 Altering Utility Boiler and Power Plant Databases

Calculations have been designed to test the effectiveness of utilizing methanol as a
NO, control in stationary sources, such as utility boilers. In this case, a fraction of the
large boilers are "converted", lowering the NOy emissions from this category of sources by
50%. CO and TOG emissions, which are comparatively small, are not changed.
Appendix 4.G outlines the reductions expected from stationary source conversion to
methanol. : :

4.7.6 Altering Petroleum Retail Marketing Databases

Included in petroleum retail marketing, are spillage and tank vapor displacement
from retail facilities. These sources emit only ROGs. Non-methane, non-methanol organic
gas (NMOG) emissions are reduced by the amount that on-road and off-road mobile
sources are converted to methanol. Methanol emissions replace the NMOG removed,
accounting for vapor pressure differences, increased consumption of methanol due to a
lower energy content, and whether the emissions are due to spillage or vapor displacement.
Methanol is about half as energy dense as gasoline, and diesel is more energy dense than
gasoline. Therefor, methanol fueled vehicles will require more fuel on a volumetric basis
than a comparable CFV. On the other hand, methanol-fueled engines are expected to be
thermodynamically more efficient, slightly compensating for the lower energy content of
the fuel. Estimates of the relative fuel requirements range from 1.4 gals. methanol to
replace 1 gal. of gasoline, to a ratio of about 2.0(see, for example, Gray and Tomlinson,
1985; Murrell and Piotrowski, 1987; Schieler, et al. 1985, Katoh, et al. 1986). In this
study 1.75 gal methanol/gal gasoline is used. Both spillage and vapor displacement
calculations account for the increased volumetric fuel consumption.

To convert service station gasoline spillage emissions to account for methanol
displacement, it was assumed that the amount of methanol spilled, per fill-up, was the same
as for gasoline. However, because of the expected need for increased refueling due to the
lower energy density of methanol, the total mass emissions of methanol was set to be 1.75
times as great for an M100 vehicle fleet. For an M85 fleet, spillage emissions were
increased by a factor of 1.64, of which 85% was methanol. The remaining 15% used the
gasoline vapor profile.

If the emissions were originally due to vapor displacement from a fixed volume
(such as an underground tank or gas tank during refueling), it is necessary to account for
the very different vapor pressures and evaporative composition of methanol, gasoline and
methanol-gasoline mixtures. Methanol has a lower vapor pressure than gasoline. The Reid
Vapor Pressure (RVP) of methanol is 4 psi, compared to gasoline having an RVP of about
9. (The RVP of gasoline can be highly variable, but regulations in the SOCAB set an RVP
limit at 9 psi.) The saturated vapor above a tank of methanol would contain less fuel, on a
mole or mass basis, than would the atmosphere above gasoline. Vapor displacement
emissions of methanol can be found by using the RVP, the relative molecular weights and
the base case emissions of gasoline:

[Mass of Methanol] = [Mass of Gasoline] x (Molecular Wt. Methanol / Molecular Wt. Gasoline)
x (RVP Methanol/ RVP Gasoline)

Because the day in question recorded temperatures about 100° F, no adjustment was made
for temperature. :
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The calculation for M85 fuel is somewhat more involved, and requires use of
solution theory and Raoult's Law from thermodynamics. The vapor pressure of M85 is
not a linear interpolation between gasoline and methanol. The JPL study (O'Toole, et al.
1983), citing Volkswagen of America, used an RVP of 10 psia for M95 fuel. In this study
it was assumed that the RVP of the fuel would be subject to the same limitations of
gasoline, and an RVP of 9 psia was used. However, the gasoline fraction of the fuel
evaporates preferentially compared to the methanol.

Methanol is not an ideal solution, so to determine the vapor pressure of a methanol
blend, Raoult's Law is used. Let ! be the solution activity of the solute (in this case the

gasoline type component) and ° be the activity of the solvent (methanol), then the vapor
pressure of the solvent , Py, is:

Pg = fo Y0 Po?

where fo is the molar fraction of the solvent, and Py is the vapor pressure of the pure
solvent. Likewise, using Henry's Law (Denbigh, 1971), the vapor pressure of the solute,
P1, is:

Pi=fi Y1 K,

where K is the Henry's Law constant and f; is the molar fraction of the solute. fy and f;
sum up to one. Following the method in O'Toole, et al. (1983), at 72°F (taken as the
solution temperature of an underground storage tank) the vapor displaced is 19% methanol
and 81% gasoline components, by mass. A more detailed calculation requires the exact

composition of M85 fuel, which has not yet been established.?
4.7.7 Stationary Internal Combustion Engines

Stationary internal combustion engines can be converted to run on methanol or a
methanol blend. This would change the ROG composition of their emissions, and can
lower their NOy emissions. In calculations testing the effects of stationary source
utilization of methanol, mass emissions of ROG from stationary 1.C. engines were
converted on an equal mass basis to 96% methanol and 4% HCHO, and NO, emissions
were reduced by 50% (Appendix 4.G).

4.8 Summary

Air quality models require inputs specifying the modeling domain topography,
emissions, air quality and meteorology. In this case the modeling domain includes the
SoCAB and outlying regions, and the inputs correspond to that area. A three day period,
August 30 - September 1, 1982, was chosen as the base time period for model evaluation,

‘and as the base for control strategy testing. This three day period is well suited to
determining the effect of control strategies on reducing high ozone concentrations. The
meteorology led to a rapid build up of ozone up to second stage levels, though the period

5 Recent tests indicate that the diurnal, evaporative emissions from M100 fueled vehicles were 24%
methanol, agreeing with the calculation (Snow, et al. 1989). Hot soak, evaporative emissions were 82%
methanol. Thus, the calculation should slightly over estimate the percentage of gasoline vapors, and the
procedure used provides a conservative (high) estimate of the reactivity of the evaporative emissions. These
recent tests, and similar future tests, provide critical data to accurately assess the impact from switching to
methanol fuel. See also footnote 1.
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started with relatively clean air. A second aspect of this period was that extra
measurements taken during this period were available for very detailed evaluation of the
model.

Testing of source specific control techniques requires a detailed treatment of
emissions. This was facilitated by de-aggregating the inventory into source types, and
operating on each individual source that would be impacted by adoption of specific
controls. The inventory is then reconstructed, and used in the air quality models. As
described above, individual sources were treated in detail. For example, on-road motor
vehicle emissions are calculated by model year, size of vehicle, and engine type, explicitly,
using EMFAC methodologies, corrected for temperature and vehicle speeds. Spillage and
vapor displacement losses from service stations are also treated separately, accounting for
vapor pressure differences. Stationary source controls and emissions were accounted for
on a source by source basis.

The method used to treat emissions has three major benefits. First, it results in a
detailed inventory to be used in testing the control strategies, minimizing uncertainty and
providing for a more solid foundation on which to base policy decisions. Second, it
provides the information needed to interpret the findings of this study as future information
becomes available. The procedures used have been conservative, so as not to overestimate
the potential benefits of methanol use. Finally, it has helped idendfy uncertainties, and
requirements for future studies. For example, the composition of exhaust and evaporative
emissions from methanol fueled vehicles have not been well characterized. They will
depend on the advances in MFV engine technology and fuel composition. Other
uncertainties derive from using a forecast inventory. The data processed as described here,
serve as inputs to the trajectory and grid-based airshed models.
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Appendix 4.A. Conventionally Fueled Vehicle Emissions

This appendix contains the "expected” emission rates resulting from implementation of the likely
technological and regulatory advances. These emissions are used in all scenarios which have
conventionally fueled vehicles, namely Scenarios BASE1, STD M100, BASE-ROG, BASE-NOy,
METH 50, STD M85 and HIGH FORM.

Emissions (g/mi) at 50K mi

Vehicle Type

Poliutant Year LDA LDT MDT HDG HDD

Species

NMHC 1991- N/C N/C N/C N/C N/C
1992-94 0.364 0.37 0.449 N/C N/C
1995+ 0.25b 0.26 0.32 N/C N/C

NOy 1989- N/C NIC N/C NC NG
1990-93 0.71C 0.74 N/C N/C N/C
1994 0.65¢ 0.69 0.7 N/C N/C
1995-96 0.40 0.42 0.7 NC  NC
1997+ 0.20d 0.21 0.7 N/C  10.32

co 1991- N/C NC - N/C N/C N/C
1992-94 4.06€ 4.40 6.09 N/C N/C
1995+ 3.5 3.5 5.gh N/C N/C

HCHO Al f f f f f

N/C - No change = value from EMFAC7C.

a. 0.36 g/mi NMHC at 50K mi for LDA for model years 1992-1994 is obtained according to the
following calculation approach:

In-Use Emission Factor

Applicable Standard i Attact {A Emissi 50K mi
0.41 0.179 + 0.082 M 0.589
0.25 0.109 +0.05M 0.359

b. Excess emissions from 